flanked by 5 ′ and 3 ′ UTRs, translated in 7 nonstructural proteins and 4 structural proteins, VP1, VP2, VP3 and VP4 [6] . EV-G VP4 is a highly conserved protein [7, 8] .
EV-G are ubiquitous and natural infection occurs through the ingestion of infected feces. Infections are usually asymptomatic but some strains have been associated with diseases such as polioencephalomyelitis [9] .
Pigs are characterized by a typical epitheliochorial placenta, where maternal and fetal blood are separated by six tissue layers [10] forming a thick barrier preventing even maternal antibodies from passing to the fetus during gestation [11] . Thus, the antibodies detected in newborn piglet blood are de novo synthetized following an in utero infection.
Newborn piglets are protected by active immunity as a result of an in utero infection or passive immunity acquired from the colostrum or milk until 4-9 weeks of age [12] . After weaning the piglets are exposed to EV-G.
The exposure to pathogens is reflected by the increase in antibody levels. Our team has previously reported the detection of anti-VP4 antibodies directed toward coxsackievirus B4, a human pathogen belonging to EV-B species of the Enterovirus genus. An immunosorbent assay based on CVB4 VP4 and peptides has been used to detect anti-VP4 antibodies in the serum of individuals [13, 14] .
Based on our previous studies regarding the detection of anti-VP4 antibodies in human EV-B infection, we decided to grasp the opportunity of access to serum samples of piglets in order to evaluate whether they have been in contact with enteroviruses through the detection of antibodies by using an immunoassay based on EV-G1 VP4.
Materials and Methods
Cells PSEK cells were kindly provided by Dr. Antonio Lavazza (IZSLER, Brescia, Italy). The cell line was grown in Dulbecco's minimum essential medium (DMEM) supplemented with 10% inactivated fetal calf serum, penicillin (100 U/ml)-streptomycin (100 mg/ml) and 1% L -glutamine (Invitrogen, Saint Aubin, France).
Virus
The EV-G1 kindly provided by Dr. Antonio Lavazza was grown in PSEK cells. Virus titration was determined on PSEK cells using end-point dilutions, and the titer was determined by the Spearman-Karber statistical method.
Serum Samples
All experiments were conducted following the 2010 EU directory guidelines and were approved by the ethical committee for animal experimentation. A group of 10 female Danish Landrace × Piétrain pigs were supplied to the test facility at CODA-CERVA, Machelen, Belgium at 9 weeks of age. The animals underwent blood sampling from the vena cava with dry tubes on day 1 and day 39. Sera obtained following centrifugation were stored at -20 ° C.
Virus Neutralization Assay
The antiviral activity of porcine serum samples was assessed by a plaque neutralization assay. Serial 3-fold dilutions of 50 μl of each sample were mixed with equal volumes of DMEM medium in 96-well microtiter plates, then 25 μl of viral suspension containing 10 4 TCID 50/ml of EV-G1 were added to each well. After 2 h at 37 ° C in a humid atmosphere containing 5% CO 2 , 100 μl of DMEM containing 1.10 5 PSEK cells were added to each well, and the plates were incubated for 48 h. The results were expressed as the inverse of the final dilution (titer) that inhibited the viral cytopathic effect.
ELISA for Anti-VP4 Antibody Detection
To detect anti-VP4 antibodies in piglet serum samples, 96-well microtiter plates (Nunc-Immuno Module F8 MaxiSorp; Thermo Scientific, Roskilde, Denmark) were coated overnight at room temperature with a VP4 peptide from EV-G1 encompassing 50 amino acids (Bachem, Bubendorf, Switzerland) at 10 μg/ml in PBS, pH 7.4. Wells were then washed three times with washing solution (PBS 1×, pH 7.4, 0.05% Tween 20), saturated for 1 h at 37 ° C with saturation buffer (PBS, pH 7.4, 1% BSA, 0.0375% Tween 20) and washed again four times with the washing solution. Afterwards, 0.1 ml of serum sample diluted in buffer (PBS 1×, pH 7.4, 2% BSA, 0.0375% Tween 20, 0.3 M NaCl) at 1/50 was added to the microwells. After 1 h of incubation at 37 ° C, the wells were washed four times and 0.1 ml of biotin-linked rabbit anti-wild boar IgG (USCN Life Science Inc.) diluted to 1/100 was added for 1 h at 37 ° C. After six washing cycles, 0.1 ml of Extravidin peroxidase (Sigma-Aldrich) was added for 1 h at 37 ° C. After another six washing cycles, 0.1 ml of the substrate solution (0.4 mg/ml o-phenylenediamine, 0.012% H 2 O 2 in 0.05 M phosphate citrate buffer, pH 5.0; SigmaAldrich, Saint Quentin Fallavier, France) was added for 30 min at room temperature. The reaction was stopped by the addition of 25 μl of 3 M sulfuric acid (Sigma-Aldrich). Absorbance readings were measured at 490 nm in a Dynex MRX microplate reader (Thermo Life Science, Cergy Pontoise, France). The results are expressed as the optical density (OD).
Sequences
The sequence of the VP4 peptide used in the ELISA and in the in silico study was selected from the polyprotein sequence of EV-G1 (GenBank Protein accession No. AIA21703). Amino acid sequences of the VP4 and, if not available, of the polyprotein of EV-G1, EV-G2, EV-G3, EV-G5, EV-G6, EV-G and of Teschovirus and Sapelovirus used for the alignment were collected from GenBank.
Alignments
The protein sequences were aligned using the web version of Clustal Omega.
Statistical Analysis
Statistical analysis of the serology results was performed by the Wilcoxon paired t test (GraphPad quickCalcs). Differences were considered to be statistically significant at p < 0.05.
Results
The blood from 10 pigs was collected successively at 9 weeks of age (day 1) and 39 days later (day 39). Serum was obtained from these samples and the levels of anti-VP4 antibodies were determined by ELISA. A moderate increase in OD was observed in the paired serum samples of pig number 2 (0.70 vs. 0.53 on day 1 and day 39, respectively), whereas a higher increase in OD was observed in the paired serum samples of pig number 5 (1.11 vs. 0.33). Overall, in each pig the OD values were higher in the second serum samples than in the first ( fig. 1 a) . The difference in OD values obtained between day 1 and day 39 in the paired samples of 10 pigs in our study was statistically significant (p = 0.002).
The detection of increased OD values in serum obtained on day 39 compared with day 1 by using our assay based on EV-G1 VP4 peptide-coated plates prompted us to investigate the neutralizing activity of these serum samples against EV-G1. In 7 out 10 serum samples obtained on day 1 the anti-EV-G1 neutralizing activity titers were 8, while in the 3 others the titers were 32 or 16 (pigs 5, 6 and 10). In paired serum samples obtained on day 39, the titer values were almost unchanged (one dilution only; fig. 1 b) . The difference in titer values obtained between day 1 and day 39 in the paired samples of 10 pigs in our study was not statistically significant (p > 0.9).
There was no relationship between the pattern of values obtained by immunoassay based on EV-G1 VP4 and by neutralizing assay based on EV-G1 in our experiments.
Since VP4 is the most conserved protein among the four enteroviral capsid proteins, it cannot be excluded that an immunoassay based on EV-G1 VP4 allows the detection of antibodies directed toward the VP4 protein of other porcine enteroviruses. Thus, to investigate this hypothesis further, available sequences of EV-G1-4 and EV-G6 were collected from GenBank and the VP4 sequences were compared using Clustal Omega software.
The alignment of sequences revealed that 44 residues of the VP4 sequence of various EV-G and of the VP4 sequence of EV-G1 were similar (88% homology), encompassing 37 identical residues (74% identity; fig. 2 a) . In contrast the level of homology between the VP4 sequence of EV-G1 and those of pig viruses belonging to the Teschovirus and Sapelovirus genus was much lower. There were only 15 similar residues (30% homology) encompassing 6 identical residues only (12% identity; fig. 2 
b).

Discussion
The current study is different in many respects from those of other investigators. It is reported for the first time that an ELISA based on EV-G VP4 can detect an increased level of IgG antibodies in serum samples from consecutive piglets collected at 9 weeks of age and then 39 days later.
Several considerations in the present report are noteworthy. The immunoassay displayed a difference between the levels of anti-EV-G1 VP4 antibodies in paired 72 serum samples, whereas in contrast the titers of the anti-EV-G1 neutralizing activity of paired serum samples were not different. It can be assumed that anti-VP4 antibodies had no neutralizing activity or that the levels were too low to be detected in our biological assay. Furthermore, this pattern of results is in agreement with the statement that neutralizing anti-EV antibodies are directed towards VP1 rather than VP4 [15] . The increased levels of anti-VP4 antibodies in serum samples in our studies suggest that the piglets were exposed to EV-G after weaning. The negative detection of anti-EV-G1 neutralizing activity of serum does not exclude a possible infection with this serotype accompanied by a low level of neutralizing antibodies. Nevertheless, it can be hypothesized that anti-VP4 antibodies detected by ELISA are directed toward other EV-G than EV-G1 since the VP4 sequence is strongly conserved within the EV-G species. Indeed, as shown by sequence alignment, EV-G VP4 shares 88% homology (74% identity) of amino acids. In contrast, the detection of antibodies directed against the VP4 of viruses belonging to other genera of the Picornaviridae family, such as Sapelovirus and Teschovirus , is unlikely since the VP4 of these viruses that can infect pigs shares only 30% homology (12% identity) with the VP4 peptide used in our assay.
The exposure of piglets to enteroviruses can be reflected by an increased level of antibodies in serum samples. The detection of antibodies by ELISA is rapid and requires a small volume of blood only. Further studies are needed to determine whether an ELISA based on EV-G VP4 peptide may be used for diagnosis purposes and/or epidemiological studies. Interestingly, EV-G infection in pigs is a relevant model with which to investigate strategies aimed to prevent natural enterovirus infections. The detection of anti-EV-G VP4 antibodies by ELISA could be useful to monitor enterovirus infections in such protocols. Future studies will be directed along this line in our laboratory. ... ** *:***.****** * *:.** * ***:***.***********: ***
VP4 peptide MGMQMSKNVAGSHTTVTKASGGSNIYYTNVNYYNHSASASQNKQ------------DVTQDP Sapelovirus
LGQVHSSNT-GNKPQGAYNHG--SGSITQVNYYGSDYSQAWNPT------------QQQMDP Teschovirus ----SSRMENG----NTNNSG--NTGVINYNFYSNSYTDAVDLSGAMSSQESNAAENAASGP * * : * . : *:* . : : : : * a b Fig. 2 . Bioinformatics analysis of the variability in amino acid residues of VP4 capsid proteins of EV-G1-4 and EV-G6 ( a ) and Teschovirus and Sapelovirus ( b ) compared with the VP4 peptide sequence of EV-G1, encompassing 50 amino acids, used as an antigen in ELISA. * = residue fully conserved; : = residue with strongly similar properties; . = residue with weakly similar properties.
